(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid Intellectual Property Organization 
Internationa] Bureau 

(43) International Publication Date 
6 December 2001 (06.12.2001) 




PCT 



(10) International Publication Number 

wo 01/92221 Al 



(51) International Patent Classification'': C07C 401/00, 
A61K 31/59 

(21) International Application Number: PCTAJSOl/17662 

(22) Intemationai FiUng Date: 31 May 2001 (31.05.2001) 
(25) FiUng Language: English 
(2Q PubUcation Language: English 



(30) Priority Data: 
60A208.199 



31 May 2000 (31.05.2000) US 



(71) Applicant: WISCONSIN ALUMNI RESEARCH 
FOUNDATION [USAJS]; 614 North Walnut Street, 
Madison, WI 53705 (US). 

(72) Inventors: DELUCA, Hector, F.; 1809 Highway BB, 
Deeifield, WI 53531 (US). SICINSM, Rafal, R-; ul. 
Waszyngtona 33 m. 150, PL^04-030 Warsaw (PL). 

I (74) Agents: WOZNY, Thomas, M. et al.; Andrus, Sceales, 
I Starke & Sawall, LLP. Suite 1 100. 100 East Wisconsin Av- 
i enue.Mihvaukee.WI 53202 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB. BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD. GE, GH, GM, HR, 
HU, ID. IL, IN, IS, JP. KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT. LU, LV. MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PU PT, RO. RU, SD. SB. SG. SI, SK, SL, TJ, TM, 
TR, IT. TZ. UA. UG. UZ. VN. YU. ZA. ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, B Y, KG, KZ, MD, RU, TJ, TM), European 
patent (AT. BB. CH, CY, DE. DK, ES, FI, FR, GB, GR, IE, 
IT, LU. MC, NL, PT. SB. TR), OAPI patent (BF. BJ. CF, 
CG. a, CM. GA, ON. GW, ML. MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— befoK the expiration of the time limit for amendirtg the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'* appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



<s 

fs^ 

^ (54) Title: 2-ETHYL AND 2-ETHYLIDENE-19-NOR-VrrAMIN D COMPOUNDS 
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2-ETHYL AND 2-ETHYLIDEN&19-NOR-VITAMIN D COMPOUNDS 

BACKGROUND OF THE INVENTION 
Hiis invention relates to vitamin D compounds, and more particularly to vitamin 
5 D derivatives substituted at Ihe carbon 2 position. 

The natural hormone, la,25-dihydioxyvitamin Ds and its analog in acgosterol 
series, i.e. la,25-dihydroxyvitamin P2 are known to be highly potent regulators of calcium 
homeostasis in animals and humans, and more recently their activity in cellular 
diflFerenliation has been established, Ostrem et al., Proc. Nad. Acad. Set USA, 84> 2610 

10 (1987). Many structiuxdandogs of these metaboHtes have been prej^^ 

including 1 a-hydroxyvitamin D3, la-hydioxyvitamin D2, various side chain homologated 
vitamins and fluorinated analogs. Some of these compounds ekldhit an interesting 
separation of activities in cell differentiation and calcium regulation. This difference in 
activity may be useful in the treatment of a variety of diseases. 

15 Recently, a new class of vitamin D analogs has been discovered, i.e. the so called 

19-nor-vitamin D compounds, which are characterized by the replacement of the A-ring 
exocyclic methylene group (carbon 19), typical of the vitamin D system, by two hydrogen 
atoms. Biological testmg of such 19-nor-anaIogs (elg., la,25-dihydroxy-19-nor-vitamin 
D3) revealed a selective activity profile with high potency in inducing cellular 

20 differentiation, and very low calcium mobiliziDg activity. Thus, these compounds are 

potentially useful as fher^eutic agents for the treatment of malignancies, or the treatment 
of various skin disorders. Two differ^t methods of synthesis of such 19-nor-vitamin D 
analogs have been described (Perlman et al.. Tetrahedron Lett 3L 1823 (1990); Perhnan 
et al.. Tetrahedron Lett 32, 7663 (1991), and DeLuca et al., U.S. Pat No. 5,086,191). 

25 In U.S. Pat No. 4,666,634, 2^hydroxy and alkoxy (e.g., ED-71) analogs of 

la,25-dihydroxyvitamin D3 have been described and examined by Chugai groiq> as 
potential drugs for osteoporosis and as antitumor agents. See also Okano et al., Biochem. 
Biophys. Res. Commun. 163. 1444 (1989). Other 2-substituted (with hydroxyalkyl, e.g., 
ED-120, and fluoioalkyl groups) A-ring analogs of la,25-dihydroxyvitamin D3 have also 

30 been prepared and tested (Miyamoto et al., Chem. Pharm. Bull. 41,1111 (1993); Nishii et 
al.. Osteoporosis Int SuppL 1, 190 (1993); Posner et al., J. Org. Chem. 59, 7855 (1994), 
and J. Org. Chem. 6Q, 4617 (1995)). 
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Recently, 2-substitiited analogs of la,25HJihydioxy-l9-norvitemin D3 have also 
been synthesized, i.e. compounds substituted at 2-position with hydroxy or alkoxy groups 
(DeLuca et al., U.S. PaL No. 5,536,713), which exhibit interesting and selective activity 
proffles. All these studies indicate that binding sites in vitamin D receptors can 
5 accommodate different substituents at C-2 in the synthesized vitamm D analogs. 

SIMMARY OF THE IhTVENllON 
The discovery of the honnonally active form of vitamin D3, la» 25- 
dihydioxyvitaminDs (la,25-(OH)zD3, caldtxiol, 1; Figure 1), has greatly stimulated 

10 research into its physiology and cheniistry. As previously noted, it has bee^ 

that 1 not only regulates the mineral metabolian in animals and humans, but also exerts 
potent effects upon ceU proliferation and ceUulardiflf^ Therefore, the chemistry 
of vitamin D has been recently focused on the design and synthesis of analogs that can 
exert selective biological actions. 

15 In a previous investigation of the structure-activity relationship of the vitanoin D 

molecule, an analog of the natural hormone 1, la,25-dihydroxy-2-methyIene-19- 
norvitamin D3 (2), was prepared in which the exocyclic methylene group is transposed, in 
comparison with 1, from C-10 to C-2. Also, 2a-methyl analog 3 was obtamed by 
selective hydrogenation of 2. Both analogs were characterized by significant biological 

20 potency, enhanced especially in tiieir isomers in the 205-series. 

In a continuing search for biologically active vitamin D compounds novel 19-nor 
analogs of 1, substituted at C-2 with ethylidene (4a,b and 5a,b) and ethyl (6a,b and 7a,b) 
groi^)s, have now been synthesized and tested. Structurally flie novel 2-ethylidene analogs 
beloiig to a class of 19-nor vitamin D compounds characterized by the general fo 

25 shown below: 



-2- 
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I 



where Yi and Yi, which may he the same or different, are each selected ftom the group 
consisting of hydrogen and a hydroxy-protecting group, and wh&co the group R represents 
any of the typical side chains known for vitamin D type compounds. 

Structurally the novel 2-ethyl analogs belong to a class of 19-nor vitamin D 
compounds characterized by the goieral formula EL shown below: 




n 
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yfb&re Yi and Y29 which may be the same or diff^nt, are each selected from the gjcovp 
consisting of hydiogen and a hydroxy-protecting group, and where the group R represents 
any of the typical side chains known for vitamin D type compounds. 

More specifically R can represent a saturated or unsaturated hydrocarbon radical 
of 1 to 3 5 carbons, that may be straight-chain> branched or cyclic and that may contain one 
or more additional substituents, such as hydroxy- or protected-hy dro^ groups, fIuoro» 
carbonyl, ester, epoxy, amino or other heteroatomic groups. Preferred side chains of tins 
type are represented by the structure below: 



1 0 where the stereochemical center (corresponding to C-20 ia steroid nxmibering) may have 
the R or S configuration, (i.e. either the natural configuration about carbon 20 or the 20- 
epi configuration), and v^ere Z is selected from Y, -OY, -CH2O Y, Y, "CH=CHY, 
and -CH2CH2CH=CR^\ \^ere the double bond may have the cis or trans geometry, and 
where Y is selected &om hydrogen, methyl, -^ZOR? and a radical of the structure: 



15 



^ere m and n, independently, represent the integers Gom 0 to 5, where R^ is selected 
from hydrogen, deuterium, hydroxy, protected hydroxy, fluoro, trifluoromethyl, and 
C].5-alkyl, which may be straight chain or branched and, optionally, bear a hydroxy or 
protected-hydroxy substituent, and ^ere each of R^ R', and R^ independently, is 

20 selected firom deuterium, deuteroalkyl, hydrogen, fluoro, trifluoromettiyl and Cus alkyl, 
\^ch may be straight-chain or branched, and optionally, bear a hydroxy or protected- 
hydroxy substitumt, and v/heK R^ and R^ taken together, represent an 0x0 group, or an 
alkylidene group, =CR^R^ or the group -(CH2)p-5 where p is an integer fiom 2 to 5, and 
where R^ and R^ taken togedier, represent an 0x0 group, or the group -(CH2)q-, where q is 

25 an integ^ fix>m 2 to 5, and v^ere R^ represents hydrogen, hydroxy, protected hydroxy. 



-4- 
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Cus alkyl or-OR^ vAere represents Q.s alkyl, and wherein any of the CH-groups at 

positions 20, 22, or 23 in the side chain may be replaced by a nitrogen atom, or where any 

of the groups -CH(CH3>, -€H(R^, or -CH(R^)- at positions 20, 22, and 23, respectively, 

may be replaced by an oxygrai or sulfiir atooL 
5 The wavy lines, e.g. to the substituents at C-2 and at C-20 indicate that those 

substituents may have either the R or S configuration. 

Specific important examples of side chains with natural 20iJ-configuration are 

the structures represented by formidas (a), b), (c), (d) and (jsi) below. i.e. the side chain as it 

occurs in 25-hydroxyvitaram Da (a); vitamin D3 (b); 25-hydroxy^ 
10 (d); and the C-24 epimer of 25-hydroxyvitamin D2 (e): 




-5- 
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Specific important examples of side chains with the unnatural 20S (also referred 
to as the 20-epi) configuration are the structures presented by formulas (f), (g), (h), (i) and 
0) below. 




The above novel compounds exhibit a desired, and highly advantageous, pattern 
of biological activity. Thesynthesizedvitamms were tested for their ability to bind the 
porcine intestinal vitamin D receptor. The presented results (Figure 5) indicate that 2- 
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ethyUden^l9.norvitamins, possessing methyl group from ethyUdene moiety directed 
to^ C-3. i.e., trans in relation to C(6)-C(7) bond (isomers E). are more active than 
lca5-<OH)2D3 in binding to VDR. whereas their counterparts with cis relationship 
between ethylidene methyl substituent and C(7).H group (isomers Z) exhibit significantly 
leducedaffinityforflieieceptor. The competitive binding analysis showed also that 2a. 
ethyl-19-norvitamins bind to the receptor better than Aeir isomers with 2p.ethyl 
substitoents (Figure 6). Inftenextassay.lhecdilular activity of the syntheazed 
conqwunds was established by studying flidr ability to induce differentiation of human 
promyelocyte HI^60 cells into monocytes. Eisomer of (2aSh2.ethyUdene.l9-nondte^ 

D3 (Figure 7) and both 2a.ethyl-19-norvitamins (Figure 8) are more potent than lc^25- 
(OH)2D3 in this assay, whereas the remaining tested conipounds are almost equivalent to 
the hormone 1. Both iB isomers of2-^thyUdene-19-norvitamins, when tested oivjvo in rats 
(Table 1) exhibited very high calcemic activity, the (20SHM)mpound bdng espedally 
potent On tiie contrary, isomeric Z compounds are significantly less active. 2-Elhyl-19- 
15 norvitamins have some ability to mobilize calcium from bone but not to 4e extent of the 
hormone 1, while being inactive in intestine. The only exception is the 2a-elhyl isomrar 
from the 2ftS-series vftach shows strong calcium mobilization respoiise and marked 
intestinal activity. 

These compounds are thus highly specific in their calcemic activity. Their 
20 laeferential activity on mobilizing calcium from bone and either high or normal intestinal 
calcium transport activity allows the in vivo administiation of tiiese conqjounds for tiie 
treabnent of metabolic bone diseases vk*«ace bone loss is a major concern. Because of their 
preferential calcemic activity on bone, tiiese compounds would be preferred ihstapea&c 
agents fox the treatment of diseases v^ere bone formation is desired, such as osteoporosis, 
25 espedally low borie turnover osteoporosis, steroid induced osteoporosis, senile 
osteoporosis or postmenopausal osteoporosis, as well as osteomalacia and renal 
osteodystrophy. The tieatmesnt may be transdermal, oral or parentraal. The compounds 
may be present in a composition in an amount from about 0.1(ig/gm to about SO^g/gm of 
the composition, and may be administered in dosages of from about 0.01 (ig/day to about 
30 50fig/day. 
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The compounds of the invention are also especially suited for treatment and 
prophylaxis of human disorders ^vhich are characterized by an imbalance in the immune 
system, e,g. in autoimmune diseases, including multiple sclerosis, diabetes mellitus, host 
versxis graJR; reaction, lupus, atherosclerosis, and rejection of transplants; and additionally 

5 for the treatment of inflammatory diseases, such as inflammatory bowel disease, 

rheumatoid arthritis and astbma, as well as the improvement of hone fracture healing and 
improved bone grafts. Acne, alopecia especially chemically induced alopecia (e.g. resulting 
from chemotherapy), skin conditions such as dermatitis, eczema, kemtosis, dry skin (lack 
of demial hydration), undue skin slackness (insufiBcient skin firmness), insufficient sebum 

10 secretion and wrinkles, as well as hypocalcemia, hypoparathyroidism and hypertension are 
other conditions which may be treated with the compounds of the invention. 

The above compounds are also characterized by high cell differentiation activity. 
Thus, these compounds also provide therapeutic agents for the treatment of psoriasis, or as 
an anti-cancer agent, especially against leukemia, colon cancer, breast cancer and prostate 

15 cancer. ITie compounds may be present in a composition to treat psoriasis, cancer, and/or 
the above list of diseases in an amount from about O.Oljig/gm to about 100 jig/gm of the 
composition, and may be administered topically, transdermally , orally or parenterally in 
dosages of from about O.Ol^g/day to about lOO^g/day. 

This invmtion also provides novel intermediate compounds formed during the 

20 synthesis of the end products* 

This invention also provides a novel synlhe^ for the production of the end 
products of structures I and II. Two different synthetic paths were devised, both based on 
Lythgoe type Wittig-Homer coi5>ling of the A-ring fragments, the corresponding 
phosphine oxides prepared from quinic add, with the protected 25-hydroxy Grundmann*s 

25 ketone. In the first method, the allylic phosphine oxides were substituted at C-4* witii the 
ethyUdene group whereas in the alternative approach the introduction of ethylidene moiety 
was performed in the final step of the synthesis, by Wittig reaction of the intermediate 2- 
oxo-vitamin D analog. The selective catalytic hydrogenation of 2-ethylidene analogs of 
la,25-dihydroxy-19-norvitamin D3 provided the corresponding 2a- and 2p-ethyl 

30 compounds. 
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BRIEF DESCMPnON OF THE DRAWINGS 
Figure 1 illustrates lixe general structural formulae for la^5-dihydroxyvitamin 
D3, la^5-dihydroxy-2-methylene-19.norvitaininI^ and la,25-dihydroxy-2a-methyH9- 
norvitamin D3, and further illustrates the general structural formulae for the four 2- 
5 ethyUdene-19-nor-vitamins and the four 2-efliyH9-nor-vitamins of the present invention 

jsynthesized and tested herein; 

Figure 2 illustrates the configurations and preferred conformations of the 4'- 
ethylidene intermediates 16 and 17 used in the synthesis disclosed herdn; 

Figure 3a iUustrates the a- and p- fonns of the A-iing diair conformers for 

10 vitamin D compounds in solutions; 

Figure 3b illustrates that the presence of bulky 2-alkyl substituents, characterized 
by large conformational free energy A values, shifts the A-ring conformational 
equilibrium of the synthesized 2-ethyl-19-nor-vitamins toward the conformeis wifli the 
equatorial C(2)-substituents; 

15 Figure 3c illustrates that a strong mteraction (designated as A^^'^^-strain) exists 

between the methyl group frdm the efliylidene moiety and equatorial hydroxyls at C-1 or 
C-3, and results in a strong bias toward conformers with an axial orientation of this 
hydroxy groiq) to which the methyl from ethylidene fragment is directed; and 

Figure 4 illustrates the conformational equilibrium in ring A of 2-melhylene-19- 

20 norvitamin 2 (a) and the preferred, energy minimized (PC MODEL 6.0, Serena Software) 
A-ring conformations of the synthesized analogs: 4a,b (b), 5a,b (c), 6a,b (d) and 7a,b (e). 

Figure 5a is a grsqph illustratmg the relative activity of a 2-ethylideiie-19-nor- 
vitamins (isoniers jE and Z) and la,25-dihydroxyvitamin to compete for bmding of 
[^Hl-l,25-(OH)2-D3 to Ae ing intestinal nuclear vitan^ 

25 Figure 5b is a graph sunilar to Fig. 5a except illustrating the relative activity of 

individual compouxuis 2a and 2p-ethyH9-nor-^tamins and la,25-dihydroxyvitamin D3 
to compete for binding of [^-1 ,25-(OH)rD3 to the vitamin D pig mtestinal nuclear 
receptor. 
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Figure 6a is a graph illustrating the percent HL-60 cell differentiation as a 
function of the concentration of the 2-e1hylidene-19-nor-vitamins as compared to la,25- 

dihydroxyvitamin D3; and 

Figuie 6b is a gr^h illustrating the percent HL-60 cell differentiation as a 
5 function of the concentration of Ihe 2a and 2p-ethyH9-nor-vitamnis as compared to 
la^5-dihydroxyvitamin 1)3. 

DETAILED DESCRIPTION OF THE INVENTION 
As used in the description and in the claiins, Ae term 'Tiydroxy^ 

10 group" signifies any group commonly used for the tenqporary protection of hydroxy 
fimctions, such as for example, alkoxycarbonyl, acyl, alkylsilyl or alkylarylsilyl groi?)S 
(hereinafter referred to simply as "silyl" groiq)s), and alkoxyalkyl grdiqis. Alkoxycarbonyl 
protecting groups are alkyl-O-CO- groupings such as mefhoxycarbonyl, ethoxycarbonyl, 
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, tert- 

15 butoxycarbonyl, benzylojQ^carbonyl or allyloxycarbonyl. The term "acyl" signifies an 
alkanoyl group of 1 to 6 carbons, in all of its isomeric forms, or a carboxyalkanoyl group 
of 1 to 6 carbons, such as an oxalyl, malonyl, succinyl, glutaryl groi^, or an aromatic acyl 
group such as benzoyl, or a halo, nitro or alkyl substituted benzoyl group. The word 
"allc/1" as used in the description or the claims, denotes a straight-diain or branched alkyl 

20 radical of 1 to 1 0 carbons, in all its isomeric forms. Alkoxyalkyl protecting groiq>s are 
groupings such as methoxymefhyl, ethoxymethyl, methoxyethoxymethyl, or 
tetrahydrofuranyl and tetrahydropyranyl. Preferred silyl-protecting groups are 
trimethylsilyl, triethylsilyl, t-butyldimethylsilyl, dibutylmethylsilyl, diphenyhnethylsilyl, 
phenyldimethylsilyl, diphenyl-t-butylsilyl and analogous alkylated silyl radicals. The tenn 

25 "aryl" specifies a phenyl-, or an alkyl-, nitro- or halo-substituted phenyl group. 

A "protected hydroxy" group is a hydroxy gxmp derivatised or protected by any 
of the above groups commonly used for the temporary or permanent protection of hydroxy 
functions, e.g. the silyl, alkoxyalkyl, acyl or alkoxycarbonyl groups, as previously defined. 
The terms "hydroxyalkyl", "deuteroalkyl" and "fluoroalkyl" refer to an alkyl radical 

30 substituted by. one or more hydroxy, deuterium or fluoro groups respectively. 
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It should be noted in this description that the tenn "24-homo" refers to the 
addition of one methylene groiq) and the tenn "24-dihomo" refers to the addition of two 
methylene groups at the carbon 24 position in the side chain. Likewise, the term 
"trihomo" refers to the addition ofthree methylene groups. Also, the term "26,27- 
5 dimefliyr refers to the addition of a methyl group at the carbon 26 and 27 positions so that 
forexampleR^andR^areelhyl groups. likewise, the term "26,27-dielhyr refers to the 
addition of an ethyl group at the 26 and 27 positions so that and R* are propyl groiqw. 

In the following lists of compounds, the particular isometric form of Ae 
efliyUdene substituent attadhed at flte carbon 2 position should be added to die 
10 nomaaclature. For example, if the mefliyl group of the elhyUdene substituent is in its (E) 
configuration, then fl»e term "2(^" should be included in each of the named compounds. 
If the methyl group of the ethyUdeoe substituent is in its (Z) configuration, then the tarn 
"2(Z)" should be mcluded m each of the named con^unds. In addition, if the n^yl 
group attached at die carbon 20 position is in its epi or unnatural configuration, the tam 
15 "20(8)" or "20-epi" should be included in each of the following named compounds. Also, 
if the side chain contains an oxygen atom substituted at any of positions 20, 22 or 23, the 
term "20-oxa", "22-oxa" or "23-0X3", respectively, ^ould be added to die named 
compound. The named compounds could also be of the vitamin D2 or D4 type if desired. 
Specific and prefecred examples of the 2-ethyUdene-compounds of structure I 
20 vshen the side chain is unsaturated are: ' 
2-ethylidene-19-nDr-l,25-dihydroxy-22,23-dehydrovltaminD3; 
2-ethyIidene-19-nor-24-homo-l,25-dihydroxy-22;23-dehydrovitamin D3; 

2-ethyUdene-19-nor-24-dihomo-i;25-dihydroxy-22,23-dehydrovitaimnD3; 
2-ethyIidene-19-nor-24-trihomo-l,25-dihydroxy-22,23-dehydrovitaminD3; 
25 2-ethylidaie-19-nor-26,27-dimethyl-24-homo-l,25-dihydroxy-22,23- 

dehydrovitamin D3; 

2-etb(ylidene-19-nor-26;27-dimethyl-24-dihomo-l,25-dihydroxy-22,23- 

dehydrovitamin D3; 

2-ethyHdene-19-nor-26,27-dmiethyl-24-trihomo-l,25-dihydroxy-22,23- 

30 dehydrovitaminDj; 
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2-ethyKdene.l9.nor-26^7-diethyl-24-homo-l^-dihy 

dehydrovitamin D3; 

2-ethyUdeae-19-nor-26^7-diethyl-24^omo-U5-^^ 

dehydrovitamin D3; 
5 2-ethyMdeae-19-nor-26^7-K!iethyl-24-trihomo-i;^^ 

dehydrovitamin D3; 

2-elhyHdene^l9-nor-26^7-^pn)poyl-24-homo-1^5Kmiydro^^^ 

dehydrovitamin 1)3; 

2-ethyUdea&-l^nor-26^7-^propyl-24-dihamo-U5-da 

10 dehydrovitamin Ihl and 

2-ethyUden©-19-nor-26^7HUpropyl-24-trihomo-l^-dihydr^ 

dehydrovitamin D3. 

Wj&i respect to the above unsaturated compounds^ it should be noted that the 

double bond located between ti\e 22 and 23 carbon atoms in the side diain may be in 
15 either the (E) or (Z) configuration. Accordingly, depending \xpon the configuration, the 

term "22,23(E)" or **22;23(Z)" should be included in each of the above named compounds. 

Also, it is common to designate Hxe double bond located between the 22 and 23 carbon 

atoms with the designation "A^". Thus, for example, the first named compound above 

could also be written as 2-ethylidene-19-nor-22,23(E>A^-l,25-(OH)2D3 where the double 
20 bond is in the (E) configuration. Similarly, iftiie methyl group attached at carbon 20 is in 

the ttpn^hrra] eonfiguration, this compound could be written as 2-ethylidene-19-nor-20(S>- 

22,23(E)-A^-i;i5-(OH)2P3- 

Specific and preferred examples of the 2-e1hylidene-compounds of structure I 
when the side dbain is saturated are: 
25 2-^thyUdene-19-nor^l,25-dihydioxyvitaminP3; 

2-^yUdene-19-nor-24-homo-l,25-^ydroxyvitanun D3; 
2-^yUdene-19-nor-24-dihomo-l,25-dihydroxyvitamin D3; 
2-^yUdene-19-nor-24-trihomo-l,25-dihydroxyvitamin D3; 
2-^yUdOTe-19-nor-26,27Hiimefhyl-24-homo-l,25-^ Da; 
30 2-^yUdene-19-nor-26,27-<iimefhyl-24-da^ D3; 

-12- 
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2-e1hyUdene49-nor-26;j7-^ethyl-24-tr^^ 

2-e%Udene-19-nor-26^7-^e%l-24-homo4^5-dihydr^ D3; 

2-etiiyUdeae49-nor-26^7-die%l-24-dihomo-l,25-^ D3; 

2-elhyKdene-19-nor-26,27-diethyl-24-trihomo-i;25-^ D3; 
5 2-^thyUdene49-nor-26^7-Kfipropyl-24-homo-1^5-dihyd^ D3; 

2-^thyUdene-19-nor-26,27-^propyl-24-dihomo-1^5-d^^ D3; and 

2-^yKdene-19-nor-26^7Hlipropyl-24-trihom<>-1^5-^ P3- 

As noted previously, tiie above saturated side chain corr5)Ounds should have the 
appropriate 2(E) or 2(Z) configuration and/or carbon 20 configuration added to the 
10 nomenclature. For example, particularly preferred compounds ate: 

19-nor-2(E)-ethylidene«la,25-dihydroxyvitamin D3; 

19-noT-2(Z)-ethylidene"la,25-dihydroxyvitamin D3; 

19-nor-2(E>ethyUdene-20(S>la,25-dihydroxyvitaiiiin D3; and 

19-nor-2(Z>ethyUdene-20(S>la,25-dihydn)xyvitamin D3. 
IS In the following lists of conqpounds, the particular isometric form of the ethyl 

substituent attached at Ifae carbon 2 position should be added to the nomenclature. For 
example, if the ethyl gp>\sp is in the alpha configuration, the term "2a-methyr should be 
included in each of the named compounds. If the ethyl gjcovp is in tbe beta configuration, 
the term *'2p-ethyr should be included m each of the named compounds. In addition^ if 
20 the methyl group attached at the carbon 20 position is in its epi or unnatural configuration, 
the term "20(S)" or "20-epi" should be included m each of the following named 
compounds. Also, if the side chain contains an o^iygen atom substituted at any of 
positions 20, 22 or 23, the term "20-0X3," "22-oxa'' or **23-oxa,'* respectively, should be 
added to the luoned compound The named compounds could also be of the vitamin P2 ot 
25 D4typeif desu:ed. 

Specific and preferred examples of the 2-etiiyl-compounds of structure 11 when 
the side chain is unsaturated are: 

2-ethyl-19-nor-l,25-dihydroxy-22,23-dehydrovitainin P3; 

2-ethyl-19-nor-24-homo-l,25-<lihydroxy-22,23-dehydrovitanam D3; 
30 2-efliyl.l9-nor-24-dihomo-l,25-dihydroxy-22,23-dehydrovitamin D3; 

-13- 



wo 01/92221 



PCTAJSOl/17662 



2-e(hyl-19-nor-24-trihomo-1^5-dmydroxy-22^3-dehydrovitaminD3; 
2-e%l-19-nor-26^7-dimethyl-24-h0nM)-U5-dihydroxy-22^^^^ 

2-efliyl-19-nor-26^7-dime&yl-24Hjihom()-l,25-^ 

S dehydiovhaminDa; 

2-eaiyl-19Haor-26^7HJimelhyl-24-tri]M)mo-i;j5-<^^ 

dehydiovitamin D3; 

2-ethyl-19-nor-26,27HJiefliyl-24-h(mo-l,25-dihydiDxy-22^-dehydrov^^ 

D3; 

10 2-elhyI-19^or-26^7Hfie%l-24-dihomo-i;i5-diliydro3iy-^3-^^ 



D3; 
15 D3; 



2-e%l-19-nor-26^7-dieflfayl-24-trihomo-i;25-dihydio^^ 

2-<lhyl-19-nor-26^7-dipropoyl-24-homo-1^5-dihydroxy-22^-dehydro 

2-<%l-19-nor-26;27wJipropyl-24-dihomo-1^5-daiydroxy-22^Klehydrovi^^ 

2-^1hyl-19-iM>T-26^7-dipropyl-24-trihomo-i;i5-dihydioxy-22;23- 
ddiydrovitamin D3. 

20 Witii respect to the above unsaturated compounds, it should be noted that flie 

double bond located between the 22 and 23 carbon atonis in the side chain may be in 
either the ^) or (Z) configuration. Accordingly, depending upon the configuration, the 
term "22,23(E)" or "22,23(2)" should be included iu each of the above named compounds. 
Also, it is cmmnon to designate the double bond located between &e 22 and 23 carbon 

25 atoms wifli Ihe designation "A^". Thus, for example, the first named compound above 
could also be wiittm as 2-etiiyH9-nor-22,23^)-A^-l,25<OH)2D3 where the double bond 
is in the (E) configuration. Similarly, if the methyl groiq> attached at carbon 20 is ui the 
unnatural configuratioa, this compound could be written as 2-«thyl-19-iK>r-20(S)- 
22,23(E)-A^-l,25-(OH)2D3. 
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Specific and preferred examples of the 2-«thyl-€ompoiJnds of structure n when 
the side chain is saturated are: 

2-^yl-19-nor-i;25Kiihydroxyvitamin D3; 

2'^yl-19-nor-24-homo-i;j5-dihydroxyvitainin D3; 

2-^&yl-19-nor-24-dihomo-i;j5-^ydroxyvitamin Jh; 

2-^yl-19-nor-24-1iihomo-l,25-dihydroxyv^^ D3; 

2-^yl-19-nor-26^7-^ethyl-24-homo-1^5-dihydroxyvita^ D3; 

2-ethyl-19-nor-26;j7-dimefliyl-24-dihomo-1^5-dihydrox^ 

2-ethyl-19-nor-26^7-dimelhyl-24-trihomo-l^-dihydrox^^ D3; 

2-^yl49-nor-26^7-diefhyl-24-homo-l,25-^ydroxyvitanm D3; 

2'^yl-19-nor-26^7-dietiiyl-24-dihomo-i;25-dihydro^ 

2-ethyl-19-nor«26^7-die%l-24-trihomo-1^5-dihy^ P3; 

2-ethyl-l 9-nor-26^7-dipropyl-24-homo-i;25-dihydroxyvitamin P3; 

2-^yl49-nor-26^7-^iipropyl-24-dihomo4^5-dihydroxyv^ P3; and 

2-ethyl-19-nor-26^7-^propyl-24-trihomo-1^5-^ydroxyvitamin D3. 

As noted previously, the above saturated side chain compounds should have the 
appropriate 2a- or 2P- configuration and/or carbon 20 configuration added to the 
nomenclature. For example, particularly preferred compounds are: 

19-nor-2a-ethyHa,25-dihydroxyvitamiQ D3; 

19-nor-2P-efhyl-la,25-<iihydroxyvitamin D3; 

19-nbr-2b(S>2a-«thyl-la,25-Klihydroxyvitamin P3; and 

19-nor-20(S)-2p-efliyl-la^siihydro:0rvitamin D3. 

The preparation of 2-efliylidene-19-nor-vitamin D compounds, and 2-ethyl- 
1 9-nor-vitamin D compounds, having the basic structure I and n can be acconq)lished by a 
common general method, i.e. the condensation of a bicyclic Windaus-Grundmann type 
ketone in ^fh the allylic phosphine oxide IVa or IVb to the correspondii^ 2-^ylidene- 
19-nor-vitamin D analogs Va or Vb, respectively followed by a selective reduction of the 
elhylidene group at C-2 to the corresponding 2-ethyl compounds. 
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IVa IVb 



In liie Structures m, IV, and V groups Yi and Y2 and R represent groups defined above; Y, 
and Y2 are preferably hydroxy-protecting grou?)S. it being also understood that any 
functionalities in R that might be sensitive, or that interfere with the condensation reaction, 
be suitable protected as is weU-known in the art. ITie process sho^ above represents an 
^Ucation of the convergent synthesis concept, which has been appUed effectively for tiie 
preparation of vitamin D compounds [e.g.Lythgoe etal., J. Chem. Soc. Peikin Trans. I, 
590 (1978); Lythgoe, Chem. Soc. Rev. 9, 449 (1983); Toh et al., J. Org. Chem. 48. 1414 
(1983); Baggiolini et al., J. Org. Chem. 5L 3098 (1986); Sardma et al., J. Org. Chem. 5L 
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1264 (1986); J. Org. Chem. 5L 1269 (1986); DeLuca et al., U.S. Pat No. 5,086,191; 
DeLiica et al., U.S. PaL No. 5,536,713]. 

HydrindanDnes of the general structure IE are known, or can be prepared by 
known mefliods. Specific important exan^les of sudi known bicyclic ketones are the 
structures with the side chains (a), (b), (c) and (d) described above, i.e. 25-hydi03qr 
Gnmdmann's ketone (f) [Baggiolini et al., J. Org. Chem. 51, 3098 (1986)]; Grundmami's 
ketone (g) pnhoflfen et al., Chem. Ber. 2Q, 664 (1957)]; 25-hydn)xy Windaus ketone (h) 
[Baggiolim et al., J. Org. Chem., 51, 3098 (1986)] and Windaus ketone (i) [Wndaus et aL, 
Ann., m 297 (1936)]: 
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For the preparation of the required phosphine oxides of general structure IV, a 
new synthetic route has been developed starting fiom melhyl quinicate derivative 9. easily 
obtained fiom commercial (1R,3R,4S,5RH-)^'^ « ^ described by Perhnan et al., 
TetrahedronLett 32. 7663 (1991) andDeLucaetal.,U.S. Pat No. 5.086.191. The overaU 
process of transformation of the starting methyl ester 9 mto ti»e deared A-ring synthons. is 
summarized by tiie Scheme I. Reduction ofthe ester 9 with diisobutylaluminum hydride 
(DBALH) or otiier suitable reducing agent (e.g. Utiiium aluminum hydride) provided tiie 
diol 10 which was subsequentiy oxidized by sodium periodate to Ae cydohexanone 
ketone derivative 11. 'nxen,tiiesecondary4-hydroxylgroupof 11 was oxidized witii 
Ru04(acatalyticmethodwitiiRuCl3andNaI04ascow>xidant). Use of such a strong 
oxidant was necessary for an effective oxidation process of tiiis very hindered hydroxyl. 
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However, other more commonly used oxidants can also be ai^plied (e.g. pyridimum 
dichromate), although the reactions usually require much longer time for completion. The 
next step of the process comprises flie Peterson reaction of the ketone 12 with 
methyl(trimethylsilyl)acetate to form ester 13. 
5 Refeiring now to Scheme 2, the next step of Ihe synthesis comprises the Wittiig 

reaction of the sterically hindered 4-keto compound 13 with ylide prepared from 
ethyltriphenylphosphonium bromide and w-butyllithium leading to ethylidene compounds 
14 and IS. Ethylidene compounds 14 and 15 in tum were treated wi& 
diisobutylaluminum hydride and the formed alcohols 16 and 17 wexo in turn transformed 

10 to the desired A-ring phosphine oxides 18 and 19. Conversion of 16 and 17, to 18 and 19, 
respectively involved 3 steps, namely, in situ tosylation with ;Fj-bulylli1hium and 
p-toluenesulfonyl chloride, followed by reaction with diphenylphosphine lithium salt and 
oxidation with hydrogen peroxide. 

Several 2-ethylidene-19-nor-vitaminD compounds of the general structure V 

15 may be synthesized using the A-ring synthons 18 and 19 and the appropriate* Windaus- 
Grundmann ketone HI having the desired side chain structure. Thus, for example, Scheme 
3 illustrates that Wittig-Homer coi5)Ung of the phosphinoxy 1 8 with the protected 
25-hydroxy Grundmann's ketone 20 prepared according to published procedure [Sicrnski 
et al., J. Med. Chem. 37, 3730 (1994)] gave the expected protected vitamin compound 21. 

20 This, after deprotection afforded la,25-dihydroxy-2(E)-ethytideae-19-n^ 

(4a). Similarly, Scheme 3 illustrates the synthesis of l(X,25-dihydroxy-2(2^-etfaylidrae- 
19-nor-vitamin I>3(5a) fix>m phosphinoxy 19 and Qrundmami's ketone 20. 

Referring now to S cheme 6, the final step of tiie process was the selective 
homogeneous catalytic hydrogenation of the etfaylidme unit at carix)n 2 in the vitamins 4a 

25 and 5a performed ef&cientiy in the presence of tris(triphenylphosphine)ihodiumO[) 

chloride [Wilkmson's catalyst, (Ph3P)3RhCl]. Such reduction conditions allowed to reduce 
only C(2)==CH2 unit leaving C(5)-(3(8) butadiene moiety unaffected. Tlie isolated n[iaterial 
is an epimeric mixture (ca. l:l)of2-^thyl-19-nor-vitamins6aand7adifreriiigin 
configuration at C-*2. The mixture can be used without separation or, if deshed, the 

30 individual 2a- and 2p-isomers can be separated by an efficient HPLC system. 
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The C-20 epimerization may be accomplished by the analogous coupling of the 
phosphine oxides 18 and 19 with protected 20(«S>-25-hydro3or Gnmdmann's ketone 26 
(Scheme 5) which after hydrolysis of tiie hydioxy-protecting groiq)s gave 20(S>la;25- 
dihydroxy-2-ethylidene-19-nor-vitamin P3 compounds 4b and 5b. Hydrogenadon of 4b 
5 and 5b provided the expected mixture of the 2-ethyH9-nor-vitamin D analogs 6b and 7b. 

As noted above, other 2-ethylidene and 2-ethyl-19-ndr-vitamin D analogs may be 
synthesized by the method disclosed herein. For example, la-hydroxy-2-ethylidene-19- 
nor-vitamin D3 can be obtained by providing the Grundmann*s ketone (g). Subsequent 
reduction of the A-ring ediylidene group in the formed compound can also give the 
1 0 corresponding epimeric mixture of 1 a-hydroxy-2-efliyH 9'-nor-vitamin D3 compounds. 

A number of oxa-analogs of vitamin D3 and their synthesis are also known. For 
example, 20-oxa analogs are described in N. Kubodera at al, Chem. Pharm. Bull., 34, 22S6 
(1986)» and Abe et al, FEBS Lett 222, 58, 1987. Several 22-oxa analogs are described in 
E. Murayama et al, Chem. PhamL Bull., 34, 4410 (1986), Abe et al, FEBS Lett., 226, 58 
15 (1987),PCTIntemational ApplicationNo. WO90/09991 andEuropeanPatent 

Application, publication number 1 84 1 12, and a 23-oxa analog is described in European 
Patent Application, publication number 78704, as well as U.S. Patent 4,772,433. 

TMs invention is descaibed by the following iUustralive exan^ 
examples specific products identified by Arabic numerals (e.g. 1, 2, 3, etc) refer to the 
20 specific structures so identified in the preceding description and in the Schemes. 

EXAMPLE 1 
CHEMISTRY 

The strategy of the synthesis of 2-substituted 19-norvitamins was based on 
25 Lythgoe-type^ttig-Homer coupling. Since the corresponding CJD-ring ketones were 
available, attention was focused on the synthesis of the phosphine oxide A-ring synthons 
(Scheme 1 and 2). Configurations of the ethylidene unit at C-4 in the isomeric 
compounds 16, 17 (Figure 2) and 17, 18, as well as ibm preferred conformations, were 
determined by analysis of NMR spectra, NOE measurements and spin decoupling 
30 experiments. 
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The Mttig-Homer reaction of the conjugate base of 20 with the protected 25- 
hydroxy Grundmann's ketone 20 produced 19-norvitaxnin D compound 21 in a very high 
yield, i-e. 91% (Scheme 3), but the yield of an analogous coupling of the isomeric 
phosphine oxide 19 was very low, i.e. 13%. The obtained condensation products 21 and 
S 22,foUowingdeprotection,gave2-ethyUdene-I9-norvitainins 4aand Considering the 
low yield of the Wittig reaction of the cyclohexanone 13, leading to ethylidene compounds 
14 and 15 (Scheme 2), an alternative synthetic approach was sought 

Thus, the carbonyl group in 13 was protected as Otrunefhylsilyl 
hemimethylthioketal and the corresponding phosphine oxides 25 were efScienfly 
10 synthesized (Scheme 4). Coupling of their anions with the hydrindanone 26 (Scheme 5) 
afforded the protected 19-norvitamin D compound 27 in a high yield. This, after 
deprotection of 2-oxo group, \^^ttig reaction and subsequent hydrolysis was converted to 
(20S)-2-ethylidene-19-norvitamins 4b and 5b. The selective catalytic hydrogenation of 2- 
etiiylidene analogs 4a, b and 5a, b (Scheme 6) provided the corresponding 2-ethyH9- 
15 norvitamins 6a, b and 7a, b, which were easily separated by HPLC. 

Stereochemistry at C-2 in the synthesized vitamin D compounds was tentatively 
assigned on the basis of conformational analysis, molecular modeling studiesf, and 500 
MHz NMR spectroscopy. 

20 EXAMPLE2 

CONFORMATIONAL ANALYSIS 
It has been established that vitamin D compounds in solutions exist as amixture of 
two n^idly equilibrating A-ring chair conformers abbreviated as a- and P-forms (Figure 
3a). Presence of bulky 2-alkyl substiturats, characteri^ 

25 energy A values (Figure 3b), shifts die A-ring conformational equilibrium of the 
synthesized 2-efliyH9-norvitamms toward the conformers with the equatorial C(2> 
substituents. In the obtained 2-^yUdene-i9-nondtaminD compounds, an additional 
strong interaction (designated as A^^'^^-strain, Figure 3c) is involved, existing between the 
methyl group fix)m the ethylidene moiety and equatorial hydroxyls at C-1 or C-3. It 
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10 



lesults in the strong bias toward confonners vith an axial orientation of this hydroxy 
group to which the methyl fiom ethylidene fragment is du:ected. 

Confonnational equiKhrium in ring A of 2-methylene-19-norvitamin 2 (a) and the 
preferred, energy minimized (PC MODEL 6.0, Serma Software) A-ring conformations of 
the synthesized analogs: 4a, b (b), Sa, b (c), 6a, b (d) and 7a, b (e) are shown in Figure 4. 
The steric aiergy differences between the preferred confonners and tibieir partners wifli the 
inverted chair forms (calculated for model compounds lacking side chain) are given. The 
corresponding percentage populations (m parentheses) of confoimers are givm for room 
traiperature (25*^0). 



EXAMPLE3 
BIOLOGICAL EVALUATION 
The synthesized vitamins were tested for their ability to bind the porcine intestinal 
vitamin D receptor. The pres^ited results (Figure 5a) indicate that 2-ethylidene-19- 
15 norvitamins, possessing methyl group from ethylidene moiety directed toward C-3, i.e. 
trans in relation to C(6)-C(7) bond (isomers £), are more active than la;25-(OH)2D3 in 
binding to VDR, whereas their counterparts with cis relationship between ethylidene 
methyl substituent and G(7)-H ffcoup (isomers Z) exhibit significantly reduced aflHnity for 
the receptor. The competitive binding analysis showed also that 2a-ethyl-19-norvitamins 
20 bitid the receptor better than their isomers with 2p-ethylsubstituents(Fi In the 

next assay, the cellular activity of tiiie synfliesized compounds was established by studying 
their ability to induce difEsrentiation of human promyelocyte HLr60 cells into monocytes. 
E isomer of (20S)-2-etfaylidene-19-norvitamin I>3 (Figure 6a) and both 2a-etl^l-19- 
norvitamins (Figure 6b) are more potent than l(X,2S-(OH)2P3 in this assay, whereas the 
25 remaining tested compounds are almost equivalent to the hormone. 

Botih E isomers of 2-ethylidene-19-norvitamins, when tested in vivo in rats 
(Table 1) exhibited very high calcemic activity, the (20iS)-compound being especially 
potent On the contrary, isomeric Z compounds are siguificanQy less active. 2-ethyl-19- 
norvitamins have some ability to mobilize calcium fiom bone but not to the extent of tiie 
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tomoneU^ebemginactiveinintestine. Tlie only exception is 2a-ethyl isomer ftom 
20S-series tbat shows strong calcium mobilization response and marked intestinal activity. 



Table 1 



Support of Intestinal Calcium Transport and Bone Calcium Mobilization 
By 2-Substituted Analogs of la^-Dihydroxy49-norvitamm D3 
In Vitamin D-Deficient Rats on a Low-Calcium DieT 



compound 



compd. amount Ca transport S/M SCTumCa 
(pmol) (mean i SEM) (mean ± SEM) 



no. 



none (control) 
la^-(OH)2D3 



2-etliylidene-19-nor- 
la,25-(OH) 2D3 (^isomer) 

2-ethyliden©-19-nor- 
la^5-(OH) aD3 (Z-isomer) 



4a 



5a 



130 
260 

65 
130 

65 
130 



3.0 ±0.7 

5.5 ±0.5 
5.9 ±0.4 

5.0 ±0.4 
6.8 ±0.4 

4.4 ±0.4 
5.7 ±0.9 



4.3 ±0.1 

5.1 ± 0.3 
5.8 ±0.3 

4.5 ±0.1 

5.2 ±0.2 

4.4 ±0.2 
4.2 ±0.0 



none (control) 




0 


4.4 ±0.2 


4.1 ±0.2 


la^-(OH)2D3 


1 


130 
260 


4.9 ±0.7 
6.0 ±0.9 


52 ±0.2 
6.4 ±0.4 



2-etl7lidrai&'19-nor-(2QS>- 
la;25-(OEQ 2D3 (^isomor) 

2-ethylidene-19-nor-(205)- 
la25-(OH) 2D3 (Z-isomer) 



4b 



5b 



65 


9.0 ±0.3 


8.2 ±0.3 


130 


5.8 ±0.8 


12.1 ±0.6 


65 


4.3 ±0.7 


4.0 ±0.3 


130 


3.8 ±0.3 


4.0 ±0.1 
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none (control) 




0 


3.8 ±0.4 


3.9 ±0.1 


la^-(OH)2D3 


1 


260 


6.5 ±0.9 


5.8 ±0.1 


2a-ethyl-19-nor- 
la^5-(OH)2D3 


6a 


260 


4.0 ±0.4 


5.1 ±0.1 


2p-ethyl-19-nor- 
la^-(OH)2D3 


7a 


260 


3.7 ±0.3 


5.0 ±0.1 


2a-efliyl-19-nor- 
(20S)-lo^5-(OH)2D3 


6b 


260 


5.0 ±0.4 


7.0 ±0.1 


2p-ethyl-19-nor- 
(20S)-l(a5-(OH)2D3 


7b 


260 


4.1 ±0.3 


5.6 ±0.1 



switchedtoalo^ciimdietcontainmg0.02%CaforanaMtionaltbr^ During 
4e last y«ek. they we dosed daUy witii the ^propriate vitaniin D c^^^ 
consecutive days. M doses administered mtr^)eritoneaUy in 0.1 mL propyla^^ 
glycol/e1haaol(95:5). Controls received the vehicle. Determinations were made 24 hours 
after the last dose. There were at least six rats per groiq>. 

For treatment pmposes, the novel compounds of this invention defined by 
formula I and/or n may be formulated for pharmaceutical appUcations as a solution in 

innocuous solvents, or as an emubnon, suspension or dispersion in suitable solvents or 
carriers, or as pins, tAlets or c^es, together vifli soUd carriers, according to 

conventional methods known in flie art Any such formulations may also contain other 
phamiaceuticaUy-aoceptable and non-toxic exdpients sudi as stabilizers, anti-oxidants, 
binders, coloring agents or emulsifying or taste-modifying agents. 

Tbs compounds may be administered orally, topically, paienlfirally , sublinguaUy . 
intranasally. or tcansdermally. The compounds are advantageously administered by 
inj ection or by intravenous infusion or suitable sterile solutions, or in flie form of liquid or 
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solid doses Via the alimeirtaiy canal, or in the fom of 

sinularvducles suitable fortransdermalq^Ucations. Doses offi«m about 0.01 jig to 
about 1 OO^g per day. preferably fix)m O.l^g to SO^g pei day of the compounds are 
appropriate for treatment purposes, such doses being adjusted according to the disease to 
be treated, its severity and tbe response of the subject as is well understood in the art 
Since the new compounds exhibit specificity of action, each may be suitably administered 
alone,ortogeflierwithgradeddosesofanoiheractivevitaminDcompound-e.g. la- 

hydroxyvitamin D2 or D3. pr la,25-dihydroxyvitamin D3 - in situations where different 
degrees of bone mineral mobilization and calcium transport stimulation is found to be 
advanb^eous. 

Compositions for use in the above-mentioned treatment of psoriasis and other 
maUgnandes comprise an effective amount of one or more 2-substituted-19-nor-vitamin D 
compound as defined by the above formula I and/or H as the active ingredient, and a 
suitable carrier. An effective amount of such conqjounds for use in accordance with this 
invention is fibm about 0.01ng to about lOOjigpergmof composition, and may be 
administered topically, tiansdermally. orally, sublingually. mtranasally. or paienterally in 
dosages of fiom about O-ljig/d^ to about lOOng/day. 

The compounds may be formulated as creams, lotions, ointments, topical 
patohes, pills, c^sules or tablets, or in Uquid form as solutions, emulsions, dispersions, or 
suspensions in phaimaceutically innocuous and acceptable solvent or oils, and such 
preparations may contain m addition otiier pharmaceotically innocuous or beneficial 
components, such as stabilizers, antioxidants, emulsifiers, coloring agents, Wnders or 

taste-modifyii^ agents. 

The compounds are advantageously admmistered in amounts sufficient to effect 
the differentiation of promyelocytes to normal macrophages. Dosages as described above 
are suitable, it bemg understood that the amounts given are to be a^usted in accordance 
with the severity of the disease, and tiie condition and response of the subject as is well 

understood in the art 

The formulations of the present invention comprise an active ii^redient in 
association witii a pharmaceutically acceptable canier therefore and optionally otiier 
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thet^uticingredioits. The carrier must be "acceptable" in the sense of being compatible 
with the other ingredients of the fomiilations and not deleterious to 

Formulations of Ac present invention suitable for oral administration may be in 
the form of discrete units as c^sules, sachets, tablets or lozenges, each containing a 
5 predeterminedamountof4eactiveingredient;intheformofapovvderorgranules;in1he 

form of a solution or a suspension in an aqueous liquid or non-aqueous Uquid; or in flie 
form of an oil-in-water emulsion or a water-m-oil emulsion. 

Formulations for rectal administration may be in the form of a suppository 

incorporating the active ingredient and carrier such as cocoa butter, or in Ihe form of an 

10 eaemsL 

Formulations suitable for parenteral administration conveniently comprise a 
sterile oily or aqueous preparation of the active ingredient which is preferably isotonic 

wiHi the blood of tiie recipient 

Formulatiom suitable for topical administration include Uquid or semi-Uquid 

15 preparations such as liniments, lotions, applicants, oU-in-water or water-in-oil emulsions 
such as creams, ointments or pastes; or solutions or suspensions such as drops; or as 
sprays. 

For asthma treatment, inhalation of powder, self-propelling or spray 
formulations, dispensed with a spray can, anebulizer or an atomizer can be used. The 
20 formulations, vAen dispensed, preferably have a particle size in the range of 1 0 to lOOfi. 

The formulations may convenientiy be presented in dosage unit form and may be 
preparedbyanyofthemelhodsweUknowiinfteartofpharmacy. By the term "dosage 
unit" ismetmtaunitaiy,i.e. a sii^e dose \s*ich is cq>able of being administered to a 
patient as aphysically and chemically stable unit dose comprising either the active 
25 ingredient as such or amixtiTC of it \rithsoUd or Uquid pharmaceutical diluent 

carriers. 

In its broadest qiplication, the presait invention reUrtes to airy 19-nor-analog of 
vitamin D vMdi have the vitamin D nucleus. By vitamin D nucleus, it is meant a central 
part consisting of a substituted chain of five cariwn atoms which correspond to positions 
30 8, 14, 13, 17 and 20 ofvitaminD, and at the ends ofwhich are connected at position 20 a 
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Structural moiety repiesenting any of the typical side chains known for vitamin D typo 
compounds (such as R as previously defined herein), and at position 8 the 5,7-diene 
moiety connected to the A-ring of an active Id-hydroxy vitamin D analog (as illustrated 
byfonnulalherein). Thus, various known modifications to the abc-membered^C^ 
ttie five-membered D-ring typically present in vitamin D, such as the lack of one or the 
oth» or ho% are also embraced by tfie present inventioiL 
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COOMV 




nBuLl 

tBuMeaSiO^*" ^OSitBuMea tBuMezSiO'^' 

O 

13 



18% 




PCTrtJSOl/17662 
COOMe 



(mixture of 
isomers) 



OSitBuMez 



14,15 



1. DIBALH 

2. chromatographic 
s^aratlon 



80% 



CH2OH 



CH2OH 



tBuMezSK)''^* 




Isomer ratio = 1:L7 
OSitBuMez 



tBuMeaSK)^** 




OSitBuMez 



60% 

I 



1. nBuLi.TsCl 

2. nBuli, PhaPh 

3. H2O2 



CHaPOPha 



tBuMeaSid^^ 




56% 



1. nBuU.TsCl 

2. nBuU, PhgPh 

3. H2O2 



CHaPpPha 



OSitBuMea 



tBuMeaSlO"^ 




OSitBuMea 



-29- 



wo 01/92221 



PCT/USOl/17662 





O 
X 



o 



O 
I 



o 
3: 



-30- 



wo 01/92221 



PCT/USOl/17662 




wo 01/92221 



PCT/USOl/17662 




-32- 



wo 01/92221 



PCTAJS61/17662 




wo 01/92221 



PCT/USOl/17662 



CLAIMS 

1 . 19-nor-2a-e1hyl-la^5-dihydroxyvitamin D3. 

2. 19-nor-2p-ethyl-la^5KiihydroxyvitaminD3. 

3. 19-nor-20(S)-2a-e%l-la;25-dihydroxyvitainin D3. 

4. 19-nor-20(S>2p-ethyl-la^5-dihydix)xyvitainin D3. 

5. 19-nor-2(E)-ethyUdeae-la^-<lihydioxy^ 

6. 19-nor-2^)-ethyUdene-la;25-dihydio^^ Th. 

7. 19-nor-2^)-ethyKdeiie-20(S)-la;25-da^ 

8. 19-nor-2(Z>ethyKdene-20(S>la;25-dihy(hx)xysdt^^ D3. 

9. A pharmaceutical composition containing 19-nor-2a-ethyHa^5- 
dihydroxyvitamin D3 togelfaer witii a pharmaceutically acceptable excipieot 

10. The pharmaceutical composition of claim 9 containing 19-nor-2a-efhyl- 
la,25-dihyclroxyvitamin lb in an amount of from about O.Ol^g to about lOOjig per gram 
of the composition. 

1 1 . The pharmaceutical composition of claim 9 containing 19-nor-2a-ethyl- 
la;25-dihydroxyvitamin D3 in an amount from about O.ljig to about 50jig per gram of the 
composition. 

12. The pharmaceutical composition of claim 9 suitable for oral administration. 

13. The pharmaceutical composition of claim 9 suitable for topical 
administration. 

14. The phannaceutical composition of claim 9 suitable for parenteral 
administration. 

15. A phannaceuticd composition containing 19-nor-2p-etiiyl-la^- 
dihydroxyvitamin D3 together with a pharmaceutically acceptable excipient 

16. The pharmaceutical conqx)sition of claim 15 containing 19-nor-2p-ethyl- 
la^5-dihydroxyvitamin D3 in an amount fiom about O.Ol^ig to about 100|iig per gram of 
the composition. 
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17. The pharmaceutical composition of claim 15 containing 19-nor-2p-efhyl- 
la^5-dihydioxyvitamin P3 in an amount ftom about O.ljig to about SOjig per gram of the 
composition. 

18. The phannaceutical composition of claim 15 suitable for oral 
administration. 

19. The pharmaceutical composition of claim 15 suitable for topical 
administration. 

20. The phannaceutical composition of claim 15 suitable for parenteral 
administration. 

21 • A pharmaceutical compo^tion contmning 19-nor-20(S)-2a-ethyl-la^- 
dihydroxyvitamin D3 together with a phannaceutically acceptable exdpient 

22. The phannaceutical composition of claim 21 containing 19-nor-20(S>2a- 
ethyl-la^5-dihydroxyvitamin D3 in an amount fix)m about O.Oljig to about lOOjig per 

gram of the composition. 

23. The pharmaceutical composition of claim 21 containing 19-nor-20(S)-2a- 
ethyl-la^5-dihydroxyvitamin D3 in an amount from about 0-l^g to about SO^g per gram 

of the composition. 

24. The pharmaceutical composition of claim 21 suitable for oral 

administration. 

25. The pharmaceutical composition of claim 21 suitable for topical 
administration. 

26. The pharmaceutical composition of claim 21 suitable for parrateral 
adnunistration. 

27. A phannaceutical conq)osition containing 19-nor-20(S)-2j3-efliyHa;25- 
dihydroxyvitamin D3 together with a pharmaceutically accq>table excipient 

28. The pharmaceutical composition of claim 27 containmg 19-nor-20(S>2p- 
ethyHc^25-dihydroxyvitamin D3 in an amount from about O-Oljig to about lOOp-g per 

gram of the composition. 

29. The pharmaceutical composition of claim 27 containing 19-nor-20(S>2p- 
ethyHa^S-dihydroxyvitamin D3 in an amount from about O.l^g to about SOfig per gram 
of the composition. 
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30. The phannaceutical composition of claim 27 suitable for oral 
administration. 

3 1 . The phannaceutical composition of claim 27 suitable for topical 
administration. 

32. The pharaiaceutical composition of claim 27 suitable for parenteral 
administration. 

33. A pharmaceutical composition containing 19-nor-2(E>ethyUdene-la;25- 
dihydroxyvitamin D3 together with a pharmaceiitically acceptable excipient 

34. The phannaceutical composition of claim 33 containing 19-nor-2(E)- 
ethylidene-la,25-dihydroxyvitaminD3 in an amount from about O.Olfig to about lOOjig 

p^ gram of the composition. 

35. The pharmaceutical composition of claim 33 contaming 19-nor-2(E)- 
ethyUdene-la^S-dihydroxyvitamin D3 in an amount from about O.ljig to about 50p.g per 

gram of the composition. 

36. The pharmaceutical composition of claim 33 suitable for oral 

administration. 

37. The pharmaceutical composition of claim 33 suitable for topical 
administration. 

38. The pharmaceutical composition of claim 33 suitable for parenteral 
administration. 

39. A pharmaceutical composition containmg 19-nor-2(Z)-ethylidene-la^5- 
dihydroxyvitamin D3 togetiier with a pharmaceutically acceptable excipient 

40. The pharmaceutical composition of claim 39 contaming 19-npr-2(Z)- 
elhyUdene-la^5-dihydroxyvitamin P3 in an amount from about O.Olpg to about lOOjig 

per gram of the composition. 

41. The pharmaceutical composition of clahn 39 contauiii^ 19-nor-2(Z)- 
ethyUdene-la^-dihydroxyvitamin P3 in an amount firom about O.ljig to about 50^g per 

gram of the composition. 

42. The pharmaceutical composition of claim 39 suitable for oral 

administratioiL 

43. The pharmaceutical composition of claim 39 suitable for topical 
administratiorL 
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44. The phaimaceudcal composition of claim 39 suitable for parenteral 
administration. 

45. A pharmaceutical composition containing 19-nor-2(E)-ethylidene-20(S)- 
la^5-d^ydroxyvitamin Ds together with a pharmaceutically acceptable excipient 

46. The pharmaceutical composition of claim 45 containing 19-nor-2(E> 
elhylidene-20(S>la;Z5-dihydroxyvitamin D3 in an amount from about O.Oljig to about 
1 OO^g per gram of the composition. 

47. The pharmaceutical composition of claim 45 containing 19-nQr-2(E)- 
ethylidene-20(S)-la,25-dihydroxyvitamin D3 in an amount from about O.ljig to about 
SO^g per gram of the composition. 

48. The pharmaceutical composition of claim 45 suitable for oral 
administration. 

49. The pharmaceutical composition of claim 45 suitable for topical 
administration. 

50. The pharmaceutical composition of claim 45 suitable for parenteral 
administratioiL 

51 . A pharmaceutical composition containing 19-nor-2(Z)-ethylidene-20(S)- 
la^5-dihydr6xyvitamin D3 togethCT Avith a pharmaceutically acceptable excipient 

52. The pharmaceutical composition of claim 51 containing 19-nor-2(Z)- 
ethylidene-20(S)-la^5-dihydro3^tamin D3 in an amount from about O.Ol^ig to about 

lOO^g per gram of the composition. 

53. The pharmaceutical composition of claim 51 containing 19-nor-2(;^- 
efliyUdene-2(KS)-la^5-<lihydroxyvitanun D3 in an amount from about O.ljig to about 
50\xg per gram of the composition. 

54. The phannaceutical compo^tion of claim 5 1 suitable for oral 
administration. 

55. The pharmaceutical composition of claim 5 1 suitable for topical 
administration. 

56. The phannaceutical composition of claim 51 suitable for parenteral 
administration. 
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57. A method of treating a metabolic bone disease where it is desired to 
maintain or increase bone mass comprising administering to a patient with said disease an 
effective amount of a compound selected from the group consisting of 

19-nor-2a-ethyHa^5-dihydroxyvitamin D3, 
19-nor-2p-ethyHa^5-diliydioxyvitamin D3, 
19-nor-20(S>2a-ethyI-la,25^fihydroxyvitamin D3, 
19-nor-20(S>2p-^yl-la;25MJihydroxyvitaniin D3, 
19-nor-2^>^iliyUdene-la;25-dihydroxyvitamin P3, 
19-nor-2(Z)-ethylidene-la^5-dihydroxyvitamin Dj, 
19"nor-2(E)-ethylidene-20(S>la^5-dihydroxyvitamin D3, 
19-nor-2(Z>ethyUdene-20(S>la^5-dihydroxyvitamin I>3. 

58. The method of claim 57 y^cre the disease is senile osteoporosis. 

59. The method of claim 57 where the disease is postmenopausal osteoporosis. 

60. The method of claim 57 where die disease is steroid-induced osteoporosis. 
6L The method of claim 57 where flie disease is low bone turnover 

osteoporosis. 

62. Ihe method of claim 57 where the disease is osteomalacia. 

63. The method of claim 57 \^ere tiie disease is renal osteodystrophy. 

64. The method of claim 57 wherein the conqx)und is administaied orally. 

65. The method of claim 57 wha:ein the compound is administered 
paienteraUy. 

66. The mefliod of claim 57 wherein the conq)Ound is administered 
transdermally. 

67. The method of claim 57 wherein the compound is administered in a dosage 
of from about O.Oljig to about 50jig per day. 

68. The method of claim 57 wherdn the compound is 19-nor-2a-€lhyl-la^5- 
dihydroxyvitamin D3. 

69. The method of claim 57 v^erem the compound is 19-nor-2p-ethyl-la;25- 

dihydroxyvitamin D3. 

70. The method of claim 57 wherein the compound is 1 9-nor-20(S)-2a-e1hyl- 

la;25-dihydroxyvitamin D3. 



-38- 



wo 01/92221 



PCTAJSOl/17662 



71. The method of claim 57 wherein the compound is 19-nor-20(S)-2P-ethyl- 

la^5-dihydroxyvitainin D3. 

72. The method of claim 57 wherein the compound is 19-nor-2(E)-ethylidene- 

la^5-dihydroxyvitamin D3. 

73. The method of claim 57 wherein the compound is 19-nor-2(Z)-ethylidene- 

la;25-dihydroxyvitamin D3. 

74. The method of claun 57 v^erem &e compound is 19-nor-2(E)-efliylidene- 

20(S)-la^5-dihydroxyvitamm D3. 

75. The method of claim 57 \*dierem flie compound is 19-nor-2GZ>efhylidene- 
20(S)-la^5-dihydroxyvitamin D3. 

76. A method of treating psoriasis comprising administering to a patient with 
psoriasis an effective amount of a compound selected from the group consisting of 

19-nor-2a-ethyHa^5-dihydroxyvitamin D3, 
19-nor-2P-ethyl-la^5-dihydroxyvitamin D3, 
19'nor-20(S)-2a-ethyl-lcU5-dihydroxyvitamin Da, 
19-nor-2(KS>2p-^1hyl-la^-dihydrosyvitamin D3, 
19-nor-2^>ethyUdene-la,25-dihydroxyvitamm E>3, 
19-nor-2(Z)-ethylidene-la^-dihydroxyvitamin Th, 
19-nor-2(E)-ethyUdene-20(S)-la,25-dihydro3qrvita^ D3, and 
19-nor-2(Z)-eaiyhdene-2(KS>la^-<Khydio){y^ 

77. The method of claim 76 wherein said effective amount conqnises about 
O.liig/day to about lOOjig/day of said compound. 

78. The mefliod of claim 76 wherein the compound is 19"nor-2a-ethyHa^5- 
dihydroxyvitamin D3. 

79. The method of claun 76 vAerem the compound is 19-nor-2p-e1hyl-la^5- 

dihydroxyvitamin D3. 

80. The method of claim 76 whea»in the compound is 19-nor-20(S>2a-ethyl- 

la;Z5-dihydroxyvitamm D3- 

81 . The method of claim 76 wherein the compound is 19-nor-20(S)-2p-ethyl- 

la;25-dihydroxyvitanim D3. 
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82. The method of claim 76 wherein the compound is 19-nor-2(E)-ethylidene- 
la^5-dihydroxyvitamin Da- 

83. The method of claim 76 v^Aierein the compound is 19-nor-2(25-ethylidene- 
la^5-dihydroxyvitamin P3. 

84. The method of claim 76 wherein the compound is 19-nor-2(E)-ethylidene- 
20(S)-la^5-dihydro>jyvitamin D3. 

85. The method of claim 76 wheran Ac compound is 19-nor-2(Z)-ethyUdenc- 
20(S)-la^5-dihydroxyvitamin D3. 

86. A method of treatmg a canc^us disease comprising administering to a 
patirat with said disease an effective amount of a compound selected fix>m the groiq) 
consisting of 

19-nor-2a-ethyHa^5-dihydroxyvitamin D3, 
19-nor-2p-ethyHa^5-dihydroxyvitamin D3, 
19-nor-20(S>2a-^thyl--la^5-dihydroxyvitamin D3, 
19-nor-20(S>2p-ethyHa^5-dihydroxyvitaniin D3, 
19-nor-2(E)-ethyUdene-la^5Hiihydroxyvitanain D3, 
19-nor-2(Z)-e&yUdene-la^-<lihydroxyvitamin P3, 
19-nor-2(E)-ethyUdene-20(S>la^5^1ihydroxyvitaminD3, and 
19-nor-2(Z)-ethyUdene-20(S)-la;i5-dihydroxyvitamin D3- 

87. The method of clahn 86 indiere the disease is leukemia. 

88. The method of claim 86 where the disease is colon cancer. 

89. The method of claim 86 v^ere Ihe disease is breast cancer. 

90 . The method of claim 86 where the disease is prostate cancer. 

91 . The method of claim 86 \Aerem the compound is administered orally. 

92. The method of claim 86 wherein tiie compound is administered 
parenterally. 

93 . The method of claim 86 wherein the compound is administered 
transdermally. 

94. The method of claim 86 v^erein the compound is administered in a dosage 
of fiom about 0.01 ^g to about lOO^g per day. 

95. The method of claim 86 \rfierem Ihe compound is 19-nor-2a-ethyl-la;25- 
dihydroxyvitamin D3. 
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96. The mefliod of claim 86 wherein the compound is 19-nor-2p-efl»yl-la»25- 

rtihydToxyvitamin D3. 

97. The metiiod of claim 86 wherein the compovmd is 19-nor-20(S>2a-ethyl- 

lo^S-dihydroxyvitanun I>3- 

98. The method of claim 86 wherein the compoimd is 19-nor-20(S)-2p-ethyl- 

lo^2S-dil^dioxyvitamin D3- 

99. The method of claim 86 wherem the compoimd is 19-nor-2(E)-ethyUdraie- 

1 c^25-dihydroxyvitamin D3. 

100. The method of claim 86 wherein the compound is 19-nor-2(Z)-ethylidene- 

lo^S-dihydroxyvitamin D3. 

101. The method of claim 86 wherein the compound is 19-nQr-2(E)-efliyUdene- 

20(S)-la^5-dihydroxyvitamin D3. 

102. The method of claim 86 vs*ierein ttie compound is 19-nor-2(Z)-efliylidene- 
20(S)-lo^25-dihydroxyvitamin D3. 

103. A method of treating a disease characterized by an unbalance in the 
immune system comprising adnunistering to a patient with said disease an effective 
amount of a compound selected ftom the ffoap consisting of 

19-nor-2a-eUiyl-la,25-dihydroxyvitamin D3, 
19-nor-2p-eth^-la^-dihydroxyvitaminD3, 
19-nor-20(S)-2a-^yl-la^-dihydro!i^tanimD3, 
19-nor-20(S)-2p-efliyl-lc^25-dihydroxyvitamm D3, 
19-nor-2(E)-ethylidene-la^5-dihydioxyvitammD3, 
19-nor-2(Z)-ethyUdene-la^5-dihydroxyvitamm D3, 
19-nor-2(E)-e%lidene-20(S)-la^5-dihydroxy>dtaniin D3, and 
19-nor-2(Z>«thyHdene-20(S)-la^5-dihydroxyvitaminD3. 

104. The mediod of claim 1 03 v*iere the disease is multiple sclerosis. 

105. The method of claim 103 where the disease is diabetes mellitus. 

106. The method of claim 103 where the disease is transplant rejection. 

107. The mefliod ofclaun 103 where the disease is liqpus. 

108. The mefliod of claim 103 where the disease is aflierosclerosis. 
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109. A metliod of treating rheumatoid arthritis comprising administerii^ to a 
patient with Aeumatoid arthritis an effective amount of a compound selected ftom the 

groiq) consisting of 

19-nor-2a-ethyl-la;25-dihydroxyvitamin D3, 

19-nor-2p-efliyl-la^5-dihydroxyvitamin D3, 

19-nor-20(S>2a-^yl-la,25-dihydro3^tamin D3, 

19-not-20(S>2P-efliyHa^5-dihydroxyvitammD3, 

19-nor-2(E>efliylidene-la;i5-diliydroxyvitanrin D3, 

19-nor-2(Z)-efliyliden&-la^5-dihydroxyvitamin D3, 

19-nor-2(E)-ethylidene-20(S>la;25-dihydroxyvitamin D3, and 

19-nor-2(Z)-etiiylidene-20(S>la^-dihydroxyvitamm D3. 

1 10. A method of treating alopecia comprismg administering to a patient with 
alopecia an effective amount of a compound selected ftom die group consisting of 

19-nor-2a-efliyl-la^5-dihydroxyvitamin D3, 
19-nar-2P-efliyl-la^5-dihydroxyvitamin D3, 
19-nor-20(S)-2a-€tihyl-la^5-dihydroxyvitanimD3, 
19-nor-20(S)-2p-efliyl-la,25-dihydroxyvitaminr)3, 
19-nor-2(E)-efliylidMie-la^5-dihydroxyvitannn D3, 
. 19-nor-2CZ)<thyfidOTe-la^5-dil^dro3qndtaminE)3, 
19-nor-2(E)-efliyUdene-20(S)-la^5-dihydroxyvitamin Th, and 
19-nor-2(Z)-efliyUdene-20(S>la^5-dihydro3qrvitaminr)3. 

1 1 1 . The mefliod of claim 1 10 wherein said alopeda is chemically mduced 

alopecia. 

1 12. A mefliod of treating skin conditions selected ftom flie group consisting of 
dermatitis, eczema, keratosis, lack of skin firmness, wrinkles, lack of dermal hydration and 
insufficient sebum secretion which comprises admmistering to a patient by topical, oral or 
paieaiteral means an effective amount of a compound selected ftom tiie group consisting of 

19-nor-2a-ethyl-la,25-dihydroxyvitamin D3. 
19-nor-2p-efliyl-la,25-dihydroxyvitamin D3, 
19-n0r-2O(S>2a-efliyl-l(x,25-dihydroxyvitaminD3, 
19-nor-20(S>2p-«fliyl-la,25-dihydro5cyvitaminD3, 
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19-nor-2(E)-efhyKdme-la;25-^ydroiq^ D3, 
10 19-nor-2(Z>ethyUdene-la^5-Kiihydroxyvitamin D3, 

• 1 9-nor-2(E>e%Udene-20(S)-la,25-dihydroxyvitamm D3, and 
19-nor-2(Z)-ethyKdene-20(S)-la^5-dihydroxyvitainm D3. 

1 13, A method of treating hypertension comprising administering to a patient 
with hypertension an eflEective amount of a compound selected from the group consisting 
of 

19-nor-2a-ediyl-la^-dihydroxyvitamm D3, 
5 19-nor-2P-efliyHc^25-dihydioxyvitamin D3, 

19-nor-20(S)-2a-ethyl-la^5-dihydroxyvitamin D3, 
19-nor-20(S)-2p-ethyl-la^5-dihydroxyvitamin P3, 
19-nor-2(E)-ethyUdene-la^5-dihydioxyvitamin D3, 

19-nor-2(Z)-e&ylidene-la^5-dihydroxyvitamm lb, 
10 19-nor-2(E)-ethyUdene-20(S)-la^5-dihydroxyvitaininD3,and 
19-nor-2(Z)-^yMene-20(S)-la^5-<iihydroxyvitainin D3. 

1 14. A method of treating hypocalcemia comprising administering to a patient 
with hypocalcemia an elBfectiye amount of a compound selected from the group consisting 
of 

19-nor-2a-ethyHa^-dihydroxyvitamin D3, 

5 19-nor-2p-ethyl-la,25-dihydroxyvitamin D3, 

19-nor-20(S)-2a-^yl-la;25-dihydioxyvitamin D3, 
19-nor-20(S>2P-^thyl-la^5-dihydroxyvitamin D3, 
19-nor-2(E)-eihyUdene-la;25Kiihydroxyvitamin lb, 
19-nor-2(Z)-ethylidene-la;25-dihydroxyvitamin D3, 

10 l9-nor-2(E)-ethyUdene-20(S>la^5-dihydroxyvitainin D3, and 

19-nor-2(Z)-ethyUdene-20(S)-la^5-<iihydioxyvitamin D3. 
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lis. A method of treating hypopaiBlih 
patient ^vith hypoparathyroidism an effective amount of a compound selected fiom the 
group consisting of 

19-nor-2a-^yl-la^5-dihydioxyvitamm D3, 

5 19-nor-2p-ethyl-la^5-dihydroxyvitaminD3, 

19-nor-20(S)-2a-^thyI-la^5"dihydroxyvitamin D3, 
19-nor-20(S>2p-ethyHa^5-di]iydroxyvitamin D3, 
. 19-nor-2(P)-ethyUdene-la;25-dihydroxyvitamin D3, 
19-nor-2(Z)-ethyKdene-la^5-^ydioxyvitamin Eb, 
10 19-nor-2(E)-^yUdene-20(S>la^5-dihydioxyvitanun D3, and 

19-nor-2(Z)-ethyUdene-20(S>la^5-dihydro3qrvitamin D3. 
116. A mflfaod of ti^^"g tuflamTn atniy bowel disease con^prismg administering 
to a patient with inflammatory bowel disease an effective amount of a compound selected 
fiomfhe groiQ) assisting of 

19-nor-2a-efliyl-la;i5-dihydroxyvitamin D3, 
5 19-nor-2p-efliyl-la;25-dihydroxyvitamin D3, 

19-nor-20(S)-2a-^thyl-la^-dihydroxyvitamin D3, 
19-nor-20(S>2P"^fhyl-la;25-dihydroxyvitamin D3, 
19-nor-2(E)-ethylidene-la^5-dihydroxyvitamin D3, 
19-nor-2(Z)-ethylidene-la^5-dihydioxyvitamin P3, 
10 19-nor-2(E)-ethylidene-20(S>la^-dihydroxyvitamin P3, and 

19-nor-2©KrfhyUdene-20(S>la^-dihydroxyvitamin D3. 
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